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(57) ABSTRACT 

A computer, for planning moves of freight automatically 
adds one or more layover(s) to a mission. Next, the computer 
determines one or more charge(s) for the layovers, using 
carriers’ rules. Thereafter, the computer uses the charge(s) in 
deciding Whether to include the mission in a transportation 
plan to be executed. In some embodiments, the computer 
automatically maintains, for the given mission, counts of 
attributes on Which limits are imposed by a government or 
by carriers, such as driving time, on-duty time, and driving 
distance, and When any count exceeds a corresponding limit 
in the midst of a driving activity, the computer automatically 
divides up the current driving activity into a truncated 
driving activity and a remainder driving activity, separated 
by a layover activity. The computer also determines an 
estimated time of arrival, including the impact of required 
layovers, to reach destination(s), and Whether layover(s) 
is/are required at the destination(s), eg due to consignee’s 
receiving hours or due to congestion at consignee’s dock. 
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SCHEDULING WITH LAYOVERS AND LAYOVER 
CHARGE COMPUTATION IN TRANSPORTATION 

PLANNING 

BACKGROUND 

[0001] A layover occurs When a driver of a truck Waits 
(typically, but not necessarily, overnight) before continuing 
With the activity he/she Was doing (such as driving). Many 
layovers are mandated by rules of a government, and less 
frequently the rules of a carrier that oWns or operates the 
truck. For example, under recently announced US. Federal 
rules, truck drivers are not alloWed to drive (A) more than 
11 hours, folloWing 10 hours off-duty, (B) beyond the 14th 
hour after coming on-duty, folloWing 10 hours off-duty, and 
(C) after 60/70 hours on-duty in 7/8 consecutive days (a 
driver may restart a 7/8 consecutive day period after taking 
34 or more consecutive hours off duty). Note that these are 
merely exemplary of government rules; variants could be in 
effect in other jurisdictions or at other times. Carriers may 
also impose layover-related rules upon themselves or com 
mit such rules to their driver forces for the purposes of 
improving driver quality of life and thereby better attracting 
and retaining these employees. 

[0002] When truckload transportation carriers are hired by 
shippers to carry goods, layovers incurred as a result of such 
rules While driving enroute betWeen origin and destination 
normally do not result in charges to the shippers. As per US. 
Federal rules, such layovers are recorded in a log. For 
example, after a layover has been completed, the start time 
and the end time of the layover is recorded in the log. Such 
recording may be done either manually or automatically. 
Automatic creation and maintenance of driver activity logs 
is described in, for example, US. Pat. No. 6,526,341 granted 
to Bird, et al. on Feb. 25, 2003 and entitled “Paperless log 
system and method”. See also US. Pat. No. 5,886,331 
granted to Lyons, Jr. on Mar. 23,1999 and entitled “Elec 
tronic calculator for determining truck driver log book 
values.” Both these patents are incorporated by reference 
herein in their entirety. 

[0003] In addition to the above-described mandatory lay 
overs during extended stretches of driving, it may be nec 
essary for a mission to incur a layover at the time of delivery 
at a destination, or during pickup at an origin, or both. If a 
layover during delivery and/or pickup is not caused by or 
attributable to the carrier or government rules, then the 
carrier Will typically charge the shipper for the layover so 
that the carrier is compensated for lost time and potentially 
lost revenue from their resources (human and physical). For 
example, suppose that a truck and driver arrive at a desti 
nation at 4:30 PM and both the destination’s operating hours 
and the carrier’s de?ned business hours end at 5 PM. If 
unloading Will require 1-2 hours then, because there is only 
half an hour until the facility closes, unloading Will not be 
able to complete until the folloWing day. Because the 
trucking carrier’s de?nition of “normal” business hours ends 
at the same time, the truckload carrier’s rules implicitly 
recogniZe it as “reasonable” for the completion of unloading 
to Wait until the next day, so there Will be no charges to the 
shipper as a result of the layover. HoWever, if the truck 
arrives at its destination at 3:30 PM, then there is suf?cient 
time before the carrier’s de?ned “normal” close of business 
at 5 PM to unload the truck. In this case, if a layover is 
caused because the consignee’s dock closes at 4 PM or if the 
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consignee’s dock is busy unloading other shipments, then 
the carrier Will charge for the layover. 

[0004] The cost of a charged layover is typically speci?ed 
by the carrier to be a ?xed amount, for example, $275 per 
overnight layover during the Week. If the layover is incurred 
over a Weekend, then the charge may depend on the distance 
traveled betWeen the last stop before and the ?rst stop after 
the layover (effectively, the distance covered during the 
Weekend). A Weekend layover is commonly charged in the 
folloWing situations: 

[0005] a) The truck’s physical arrival time at a facility 
augmented by the required load and/ or unload time there 
falls Within a Weekend (Saturday or Sunday) and the 
loading/unloading activity at the facility occurs after that 
Weekend. The distance used to determine the charge is 
based on the distance betWeen the previous facility in the 
trip’s itinerary and this facility. 

[0006] b) The truck’s physical arrival time at a facility 
augmented by the required load and/ or unload time there 
falls on Friday but after closing hours on Friday according 
to the carrier’s de?ned “normal” business hours (or “lay 
over calendar”), a schedule of operation used for the 
purposes of layover rate determination. The distance used 
to determine the layover charge is based on the distance 
betWeen the previous stop in the trip’s itinerary and this 
facility. 

[0007] c) The truck’s physical arrival time at a facility 
augmented by the required load and/ or unload time there 
falls on Friday before closing hours according to the 
layover calendar but the loading and/or unloading activity 
there takes place after the Weekend. Distance used to 
determine the layover charge is equal to Zero. 

[0008] On the other hand, a Weekday layover is charged 
When a truck’s physical arrival time at a facility augmented 
by the required load and/or unload time falls Within a 
Weekday (Monday through Friday) during hours of opera 
tion (according to the carrier’s layover calendar) and a 
layover is scheduled to take place at that time While the 
actual loading/unloading of the truck occurs at a later time. 
A Weekday layover fee is charged once per Weeknight 
satisfying such condition. 

SUMMARY 

[0009] A computer is programmed, in accordance With the 
invention, to automatically (1) schedule a proposed mission 
for transporting freight considering When layover(s) must 
occur based on certain constraints, (2) determine charge(s), 
if any, for these layover(s), depending at least partially on 
certain rules on chargeability of layovers, and (3) use the 
layover charge(s), among other factors, to decide Whether to 
perform the proposed mission. Use of to-be-incurred layover 
charges in transportation planning as just described 
improves optimization. This is because missions that truly 
yield a loWer total cost including layover charge(s), are 
selected during an optimization phase of transportation 
planning in accordance With the invention. 

[0010] In some embodiments, the computer is pro 
grammed to automatically maintain, When scheduling a 
proposed mission, counters for certain attributes of the 
mission (such as on-duty hours, driving hours, and driving 
distance Within a rolling period of, eg 6 hours, 24 hours or 
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7 days in duration) on Which maximum limits are imposed 
by governmental or other rules. The counters are maintained 
relative to a WindoW that provides a limited view (eg of at 
most the rolling period’s duration) of various activities that 
are to be performed in the proposed mission. The computer 
is further programmed to schedule activities to be performed 
in the mission, relative to the applicable time WindoW, in a 
?rst-in-?rst-out manner, and if an activity (such as driving 
betWeen tWo points) is too long (e.g. exceeds a maximum 
limit) it is divided up, With one more layovers (called 
“mandatory” layovers) inserted betWeen portions thereof. 

[0011] In several embodiments, the computer also deter 
mines an estimated time of arrival, including consideration 
of mandatory layovers, to reach the mission’s destination(s) 
based on the mission’s schedule, and inserts one or more 
additional layover(s) (called “non-mandatory” layovers) at 
the destination(s) if the computer determines that unloading 
(and loading in case of some multi-stop missions) cannot be 
completed Within a predetermined duration from arrival. 
The just-described non-mandatory layovers may be required 
by, for example, an estimated time for completion of the 
unloading activity occurring after the destination’s close of 
business or if during an estimated unloading period, the 
destination is already scheduled to service another mission 
and thereby congested. Presence of such non-mandatory 
layovers may or may not impose an additional charge, 
depending on the estimated time of arrival relative to the end 
of the carrier’s de?ned “normal” business hours (or “layover 
calendar”). Determining the existence of non-mandatory 
layover(s) and their related charge(s) improves the optimi 
Zation phase of transportation planning as described herein. 

BRIEF DESCRIPTION OF THE FIGURES 

[0012] FIG. 1 illustrates, in a high-level ?oW chart, a 
method performed by a computer programmed in accor 
dance With the invention to compute layover charges in a 
proposed mission betWeen an origin and a destination and 
use the computed layover charges in transportation plan 
nrng. 

[0013] FIG. 2A illustrates, in an intermediate-level ?oW 
chart, scheduling operations 111 and 112 of FIG. 1 per 
formed to ensure that layover-related rules are met. 

[0014] FIGS. 2B-2K illustrate division of a driving activ 
ity and insertion of a mandatory layover therein by certain 
embodiments of the invention that use a moving WindoW to 
schedule a mission. 

[0015] FIG. 2L illustrates, in an loW-level ?oW chart, one 
illustrative implementation of the type shoWn generically in 
FIG. 2A. 

[0016] FIG. 3A illustrates, in an intermediate-level ?oW 
chart, scheduling operations 113 and 114 of FIG. 1 per 
formed to ensure that one or more constraints at a destination 

facility are met. 

[0017] FIG. 3B illustrates, in a How chart, acts performed 
in some embodiments of the invention to determine a charge 
for a layover, based on certain rules regarding chargeability 
of layovers. 

[0018] FIGS. 4A-4K illustrate examples in Which lay 
overs are inserted into a mission by certain embodiments of 

Nov. 23, 2006 

the invention, based on an estimated time of arrival that in 
turn is determined by use of the moving WindoW of FIGS. 
2B-2K. 

[0019] FIGS. 5A and 5B illustrate, in block diagrams, 
hardWare and softWare portions of a computer that performs 
the method illustrated in FIG. 2A. 

[0020] FIG. 6 illustrates, in a graphical user interface, a 
screen for supplying to a computer in accordance With the 
invention, values of maximum limits in government rules. 

DETAILED DESCRIPTION 

[0021] In planning movement of freight (i.e. cargo), by use 
of one or more for-hire carriers that operate vehicles freely 
on public highWays, a computer is programmed, in accor 
dance With the invention, to automatically schedule a pro 
posed mission by inserting (as per operation 110 in FIG. 1) 
one or more layover(s) into the mission as per certain 
constraints, and furthermore to automatically determine (as 
per operation 120) any charge(s) for the layover(s), depend 
ing at least partially on certain rules regarding chargeability 
of layovers. Thereafter, as per operation 130, a decision is 
made, in an optimiZation phase of transportation planning, 
as to Whether or not the proposed mission should be per 
formed, depending at least partially on the charge(s) for 
layover(s). In many embodiments, the decision in operation 
130 is made completely automatically by the computer, 
although other embodiments seek and obtain a transporta 
tion planner’s (human’s) approval in deciding on perfor 
mance (or deletion) of proposed mission(s) that require 
layovers (and the related layover charges). Note that in the 
folloWing description, a mission is also referred to as a “trip” 
and is used synonymous With “joumey” and “voyage”. 

[0022] To the knoWledge of the present inventors, no prior 
art softWare, prior to performance of a mission, When the 
mission is still in proposal form, determines the precise 
timing impact of mandatory layovers; determines an arrival 
time at the destination based on this impact; and computes 
any to-be-incurred layover charges in the proposed mission 
due to non-mandatory layovers that may be required due to 
no fault of the carrier. In prior art, driver’s logs are usually 
generated only during or after performance of the mission, 
and for this reason layover charges are not knoWn explicitly 
by the shipper until the carrier’s truck and driver physically 
arrive at the destination (for dropo?) or origin (for pickup) 
and the carrier invoices the shipper for all related charges. 
Therefore, layover charges to be incurred in a proposed 
mission are not used in prior art transportation planning 
softWare. 

[0023] Even assuming that users of prior art softWare may 
have visually examined their optimiZation results on screen 
or on paper and (by “eyeballing”) been able to identify some 
situations Where layover charges Would occur, making judg 
ment calls about Whether to sustain or delete the correspond 
ing truckload trips (replacing them by shipping each con 
stituent shipment separately by more expensive less-than 
truckload modes), that process Would be error-prone. This 
manual process is not only prone to omissions but is also 
impractical for large plans consisting of hundreds or thou 
sands of daily truckload trips. Furthermore, even if the user 
manually caught every such instance correctly, the results 
With some truckloads dissolved and their contents sent by 
less-than-truckload modes, Would generally be suboptimal. 
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Hence, layover charges of the type described herein are not 
used in prior art transportation planning software, even if 
manually used to some limited extent in prior art transpor 
tation planning. 

[0024] In contrast, most embodiments of this invention 
determine any yet-to-be-incurred layover charges (based on 
a detailed schedule of the mission), and include these 
charges When optimiZing transportation plans (i.e. When 
deciding Which of several proposed missions are to be in fact 
performed). Determining layover charges that are yet to be 
incurred, and using them during preparation of a transpor 
tation plan yields savings in the overall cost of performing 
missions in the plan, i.e. provides a more optimal plan than 
prior art. For example, suppose that three shipments can be 
transported separately from their origins to their destinations 
by less-than-truckload means for a total cost of $2,500. 
Suppose also that, alternatively, the three shipments can be 
consolidated into a single multi-stop truckload at a cost of 
$2,600, of Which $250 constitutes a Weekday layover 
charge. A transportation planning optimiZation tool that 
lacked the ability to consider layover charges Would only 
have visibility to $2,300 of the truckload’s cost. As such, it 
Would consider this the more economical means of trans 
porting the three shipments and Would include it in its output 
plan. Presumably, this truckload trip Would then be executed 
and the shipper Would only after the fact discover the 
liability for an additional $250 of cost. On the other hand, a 
transportation planning optimization tool of the type 
described herein predicts layover charges by recognizing the 
full $2,600 of the truckload’s cost in advance. Therefore, it 
Would properly identify separate less-than-truckload trans 
portation as the more economical means of shipping these 
items, resulting in a realiZed cost of $2,500 and a savings of 
$100. 

[0025] In addition, the more precise timing information 
(scheduled arrival and departure times) helps to eliminate 
potential problems When multi-leg itineraries are created 
(for a discussion of multi-leg itineraries, see the commonly 
oWned US Patent Application entitled “TRANSPORTA 
TION PLANNING WITH MULTI-LEVEL POOLING 
MODEL”, Attorney Docket Number, 27252-29, OID-2004 
194-01 ?led on Apr. 25, 2005 by Rongming Sun et al. that 
is incorporated by reference herein in its entirety). If layover 
requirements are not correctly modeled, a transportation 
planning tool can produce estimates of arrival times that, in 
reality, are too early actually to be attained. If such an invalid 
arrival time is projected at a location When shipments are to 
be transshipped to other trips or other means of transporta 
tion, the subsequent transportation may be scheduled to 
depart early as Well. If the invalid, early arrival time is not 
recogniZed in advance and the doWnstream transportation 
rescheduled to a later time, then the problem Will only be 
discovered in “real time” While being executed. This Would 
result in a missed connection or other operational break 
doWn. As such, the correct modeling of layovers and related 
factors in a transportation planning system can help to 
prevent operational disruptions. 

[0026] A proposed mission, Whose economic viability is 
yet to be decided by performance of method 100 (FIG. 1) is 
created prior to operation 110 in any manner, eg manually 
or automatically. Proposed mission(s) are created automati 
cally, by a suitably programmed computer of some embodi 
ments, by consolidating (i.e. grouping) multiple shipment 
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orders for travel by Truckload service, Wherein each ship 
ment Would otherWise have traveled by less-than-truckload 
(LTL) service or parcel service. One such method is 
described in a co-pending, concurrently-?led, and com 
monly-oWned US. patent application, Attorney Docket No. 
ORA022.US OID-2004-163-01 entitled MISSION-SPE 
CIFIC VEHICLE CAPACITY CONSTRAINTS IN 
TRANSPORTATION PLANNING by Roy Isaac Peterkof 
sky et al. that is incorporated by reference herein in its 
entirety. Note that the speci?c manner in Which a mission is 
proposed for consideration in transportation planning can be 
different in different embodiments of the invention. 

[0027] Several embodiments of the invention check for 
tWo types of conditions folloWed by insertion of layovers if 
necessary, When performing operation 110, Which folloWs an 
act 101 in Which a mission is proposed. The mission may be 
proposed in any manner, and may be the result of load 
consolidation or other such optimiZation. Thereafter, as 
illustrated in FIG. 1, one or more predetermined rules (e.g. 
government and/or carrier rules on layovers) are applied in 
an act 111 and if a rule is not met by the current activity, then 
a layover (Which is mandated by government or other rules) 
is inserted in act 112. On completion of act 112 and also if 
the ansWer in act 111 is no, control transfers to act 113. In 
act 113, the computer checks on the destination’s ability to 
support loading/unloading on the day of arrival of the 
mission at the destination (based on constraints such as (1) 
the shipment’s alloWed delivery/pickup time WindoW, (2) 
non-availability of a dock due to congestion from earlier 
mission(s), (3) previously agreed standing appointment 
times at the facility for the carrier, and/or (4) hours of 
operation of destination facility). 

[0028] If the destination permits loading/unloading on the 
day of arrival (Which is checked in act 113) but is unable to 
perform unloading/loading immediately on arrival for any 
such reasons, then a Waiting time is inserted in act 115 and 
the on-duty time counter is incremented by the amount of 
Waiting time. If the Waiting time causes the value of the 
on-duty counter to exceed the maximum alloWed on-duty 
time (Which is checked in act 116), the Waiting time is 
replaced by a layover or layovers in act 114. Act 114 is also 
performed if the result in act 113 is No (i.e. destination does 
not permit loading/unloading on arrival date). 

[0029] Since carriers may charge shippers for non-man 
datory layovers (e.g. depending on a carrier’s de?ned “nor 
mal” business hours), on completion of act 114 control 
transfers to operation 120, Wherein a charge for the layover 
is computed. On the other hand, if a mandatory layover is 
inserted (in act 112) or if a layover is not required in act 113, 
then control transfers to operation 130, Wherein a decision is 
made as to Whether or not the mission is to be performed, 
based on its total cost (including layover charges if any). 

[0030] Checking for conformance With government and 
other rules and inserting mandatory layovers When needed, 
as illustrated in acts 111 and 112 may be performed in any 
manner, depending on the embodiment. Some embodiments 
vieW all activities in a proposed mission through a WindoW 
that identi?es activities Whose conformance With govem 
mental and other rules is being checked, as illustrated by acts 
201-207 (FIG. 2A). The WindoW of these embodiments has 
counters associated thereto that are used to ensure that 
activities in any period of a predetermined duration (e.g. 
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duration 4 hours, 24 hours, or 7 days) satisfy certain gov 
emment-set or other maximum limits, e.g. driving hours 
and/or driving distance and/or on-duty hours. The counters 
are maintained relative to a WindoW’s back end. The Win 
doW’s back end is separated in time from the WindoW’s front 
end by the predetermined duration (eg 4 hours, 24 hours, or 
7 days duration) in Which activities in the proposed mission 
are examined. This WindoW is moved forWard in time, one 
activity at a time, to examine each successive set of activities 
to be performed in the mission, in the ?xed duration. Once 
the WindoW has been used to examine all activities in the 
mission, checking of the proposed mission for compliance 
With the govemment’s rules is complete. 

[0031] In act 201, the computer is programmed to set as 
the current activity, a next activity that is to be performed in 
the mission. For example, initially, the current activity is set 
to a loading activity Which is the ?rst activity in a mission. 
When act 201 is performed next, the current activity may be 
set to a driving activity Which normally folloWs a loading 
activity. At a later time, the current activity may be set to a 
Waiting activity if necessary to Wait for a dock to become 
available for unloading, and thereafter the current activity is 
set to an unloading activity. Referring to FIG. 2A, after act 
201, the computer is programmed to check (in act 202) 
Whether or not the addition of the current activity (eg 
loading activity) to a WindoW (Which is empty initially) Will 
cause any of three or more maximum limits (set by govem 
ment) to be exceeded. If the result of act 202 is no, the 
computer is programmed to go to act 203 and add the 
activity to the WindoW. FIG. 2B illustrates a loading activity 
221 Which is added to a WindoW 210. Loading activity 221 
is the ?rst activity in a mission 220 that includes additional 
activities Which are not yet in the WindoW, such as a driving 
activity 222 (FIG. 2C) and an unloading activity 227 (FIG. 
21). 
[0032] Some embodiments of the moving WindoW have a 
queue pointer at front end 212 and another queue pointer at 
back end 211; these tWo pointers, are used in a data structure 
called “QUEUE” that is Well knoWn in the art of computer 
programming. In the example shoWn in FIG. 2C, the 
WindoW is of ?xed siZe, i.e. the front end 212 is alWays the 
predetermined duration (in this example 24 hours) aWay 
from back end 211 as shoWn, even When there is only one 
activity in the WindoW. Although the WindoW is of ?xed siZe, 
it is moving and alWays starts from the beginning of the ?rst 
activity in the queue. If at any moment, the sum of the 
duration of all activities in the queue is more than 24 hours 
(in this example), the ?rst activity is popped out. The 
computer of these embodiments is programmed to enforce 
that the sum of duration of all activities is less than or equal 
to 24 hours (in this example). Note that When 24 hours is 
used as a predetermined duration in the folloWing descrip 
tion of some embodiments and also used in FIG. 2L, this 
value of 24 is merely illustrative (i.e. the value is different 
in other embodiments). 

[0033] After performing act 203 (FIG. 2A), the computer 
is programmed to return to act 201 Wherein the current 
activity is updated to be the next activity (eg in this 
example the driving activity 222 in FIG. 2C). In act 202 
(FIG. 2A) if the ansWer is yes (i.e. that a government rule 
is violated by addition of current activity 222 to WindoW 210 
as per FIG. 2C), then the computer is further programmed 
to perform act 204 Wherein the current activity is divided up 
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into (1) a truncated activity and (2) a remainder activity, 
folloWed by transfer of control to act 205. Note that in some 
embodiments only one type of activity namely the driving 
activity is divided up in act 204 and this dividing act is 
skipped if the current activity is any other type of activity, 
such as an unloading activity or a Waiting activity (as per 
branch 208), and control transfers directly to act 205. In act 
205, the computer is programmed to create and insert a 
layover activity into the WindoW. If the current activity is 
divided up, then the layover activity is inserted immediately 
folloWing the truncated activity and preceding the remainder 
activity. If the current activity is not divided up, then the 
layover activity is inserted either prior to or subsequent to 
the current activity (depending on Whether another layover 
already exists prior to the current activity and if so the 
layover activity is inserted subsequent to the current activ 
ity). 

[0034] In the example illustrated in FIG. 2C, the point 
to-point driving activity 222 is 21 hours long Which itself 
alone violates all U.S. govemment rules that impose maxi 
mum limits (e. g. 11 hours limit for driving and 14 hours limit 
for being on-duty). Note that although only tWo counters 213 
and 214 are shoWn in FIG. 2B (Wherein drive counter is 
Zero), in embodiments that apply the rules of some govern 
ments, there is a third counter (not shoWn) for the driving 
distance. Other rules may be formulated that involved fur 
ther and different counters. Moreover, in the example illus 
trated in FIG. 2C, driving activity 222 plus loading activity 
221 together cause WindoW 210’s on-duty counter 213 to 
have the value 23 and driving hours counter 214 to have the 
value 21 (see FIG. 2C) both of Which exceed their corre 
sponding limits of values 14 and 10. 

[0035] Appendix A contains pseudo-code for computation 
of the on-duty counter, driving hours counter and driving 
distance counter, and their comparisons With corresponding 
maximums, to identify Which of them is reached ?rst. In the 
embodiment of Appendix A, at a high level, Whenever a neW 
activity is added to the back end of the activity queue, one 
or more counters are updated by adding the duration of this 
activity. The classi?cation of the activity determines Which 
counter(s) are affected by it. In this embodiment, driving 
activity goes into all three counters, Waiting time/unloading/ 
loading activities go into only the on-duty counter, and 
layover activity goes into no counter at all. If any activity is 
popped out from the front end of the queue, the correspond 
ing counter is reduced accordingly. 

[0036] When the applicable maximum limits are being 
exceeded, in act 204 a driving activity (such as activity 222 
in FIG. 2C) Which is about to be added to the WindoW is 
divided up into tWo driving activities. In the example 
illustrated in FIG. 2C, the computer is programmed to 
create a truncated driving activity 222T and remainder 
driving activity 222R (FIG. 2H) Which replace the single 
driving activity 222. Division of an activity into tWo activi 
ties is illustrated in Appendix A. 

[0037] In act 204, the computer is further programmed to 
add to the WindoW, the ?rst of tWo neWly-created driving 
activities (eg truncated driving activity 222T is added to 
WindoW 210). The computer is programmed to select for this 
?rst driving activity, a duration Whose value causes just one 
of the government’s maximum limits to be reached. In the 
example illustrated in FIGS. 2B-2C, the duration for activ 
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ity 222T is selected to be 10 hours, because the maximum 
limit of 10 hours on driving is reached ?rst (i.e. the maxi 
mum limit of 14 hours on-duty is not yet reached because the 
sum of the tWo activities 221 and 222T is only 12 hours). 
Computation of the duration of the truncated driving activity 
and computation of duration of the remainder driving activ 
ity are illustrated in Appendix A. 

[0038] Next, in act 205 (FIG. 2A), a neW layover activity 
is inserted (e.g. activity 223 is inserted as shoWn in FIG. 2D) 
immediately after the ?rst neW driving activity (eg imme 
diately after activity 222T). Note that the duration of layover 
activity 223 has a predetermined minimum value (eg 10 
hours) that is set by the transportation planner (human) 
ahead of time, prior to invocation of software that performs 
method 100. 

[0039] At this stage, the duration of layover activity 223 is 
set to be any value greater than the predetermined minimum 
value Which is required to extend the total hours in the 
WindoW to the WindoW’s nominal size, eg 24 hours. In the 
example illustrated in FIGS. 2B-2D, since the WindoW siZe 
prior to addition of the layover activity Would have been 
only 12 hours (consisting of 2 hours of loading activity 221 
and 10 hours of driving activity 222T), an additional 12 
hours are needed to reach the nominal siZe, and for this 
reason the computer is programmed to set the layover 
activity 223’s duration to the value 12 hours. Also at this 
stage, i.e. in act 205, one or more counters Which are 
associated With the WindoW are updated, based on activities 
currently in the WindoW, including the neWly-inser‘ted lay 
over activity. In WindoW 210 illustrated in FIG. 2D, on-duty 
counter 213 is updated to have the value 12 and driving 
hours counter 214 to have the value 10. Computation of the 
duration of the layover activity is illustrated in Appendix A. 
Note that on-duty counter, driving hours counter and driving 
distance counter are not affected When a layover is added to 
the back end of the activity queue. 

[0040] After performance of act 205 in Which a layover 
Was inserted, the computer is programmed to advance the 
WindoW (in act 206), eg by removing its earliest activity 
that is located at a front end 211 of the WindoW 210. Note 
that the WindoW is advanced in act 206 only if addition of the 
next activity Will cause the duration of all activities in the 
WindoW to exceed 24 hours. In the example illustrated in 
FIGS. 2B-2D, the next activity is the remainder driving 
activity 222R Which is of duration 11 hours and hence the 
total duration in the WindoW exceeds 24 hours. Hence, act 
206 is performed to move front end 211 of WindoW 210 by 
the duration (of value 2 hours) of the loading activity 221 
Which is being removed, thereby to make room in the 
WindoW to receive a neW activity of the same duration. 

[0041] At this stage (i.e. in act 206), one or more counters 
Which are associated With the WindoW are updated, based on 
activities currently in the WindoW, i.e. excluding the neWly 
removed activity (eg activity 221). In WindoW 210 illus 
trated in FIG. 2E, on-duty counter 213 is updated to have 
the value 10 and driving hours counter 214 remains at value 
10 (because loading activity 221 Which has just been 
removed did not involve driving). Counters are updated by 
performing the folloWing acts While the total of all activities 
in activity queue is >=the siZe of the moving time WindoW: 
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Forward shift the moving Window by removing its earliest activity 
(i.e., driving, unload/load, or Wait) 
Set On-duty Hour Counter —= activity duration 
If it’s a driving activity 

{ 
Set Driving Hour Counter —= activity duration 
Set Mileage Counter —= activity distance 

[0042] After performing act 206, the computer goes to act 
207 and checks if all activities that need to be performed in 
the mission have been completed and if not returns to act 
201 (discussed above). In the example illustrated in FIG. 
2C, the driving activity 222 Was previously truncated in act 
204, and hence the remainder driving activity 222R (FIG. 
2H) is noW set as the current activity (i.e. in act 201) Which 
is to be added to queue (FIG. 2E). At this stage, in this 
example, addition of the remainder driving activity 222R of 
duration 11 hours from the queue into the WindoW Will cause 
the government maximum limits to be exceeded (in fact this 
activity itself exceeds the maximum driving hours limit of 
10 hours). For this reason, the result of act 202 is “YES” and 
branch 208 is noW taken and a variant of act 205 is 
performed Wherein layover activity 223 Which is previously 
inserted is noW extended so that the WindoW is back to its 
nominal duration of 24 hours. As stated in the Appendix A, 
computation of the length (i.e. duration) of the layover in 
FIG. 2D is as beloW: 

layoverLength=24-total on-duty time of the queue by 
counting from the start of 

driving activity=24—l0=l4 (hours) 

So at that time, the computer knoWs the length of this 
layover to be 14 hours instead of 12 hours by looking from 
the start of the driving activity. 

[0043] After performance of act 205 in Which layover 
activity 224 is extended, the computer again advances the 
WindoW (in act 206), eg by removing its earliest activity 
222T that is located at a front end 211 of the WindoW 210 as 
shoWn in FIG. 2G. Note that removal of activity 222T from 
WindoW 210 noW makes room in the WindoW to receive a 
neW driving activity of the same duration, i.e. 10 hours. 
Therefore, the computer performs act 207, takes the NO 
branch, and returns to act 201 Wherein activity 222R is noW 
the current activity, and once again act 202 ?nds that 
addition of activity 222R of 11 hours duration Will exceed 
the government limits (see FIG. 2H). At this time, act 204 
is performed in the above-described manner, Wherein activ 
ity 222R is divided up into a 10 hour driving activity 222RT 
and a 1 hour driving activity 222RR (see FIG. 21), folloWed 
by act 205 in Which a neW layover activity 224 is inserted 
(see FIG. 2J). In this manner, execution continues, until all 
activities in a proposed mission are examined through 
WindoW 210 (FIG. 2K), at Which time the YES branch is 
taken from act 207. 

[0044] As noted above, in some embodiments, the com 
puter automatically maintains, for a given mission, counters 
213 and 214 for certain attributes of the mission (such as 
on-duty hours, driving hours, and a counter for driving 
distance Which is not shoWn in FIGS. 2B-2K), on Which 
certain maximum limits are imposed by the government or 
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otherwise. Note that other embodiments may maintain other 
counters, depending on the governmental rules in effect in 
the country Where the transportation plan is to be executed 
and on the self-imposed rules of the carriers to execute the 
plan. Moreover, although certain counters are maintained to 
ensure a mission’s compliance With governmental rules, 
other counters may be additionally maintained in other 
embodiments eg to ensure compliance With rules or pro 
cedures of a private party (eg the carrier Which is respon 
sible for actual performance of the mission on the ground). 

[0045] As noted above, for certain activities (such as the 
driving activity), When a counter exceeds a corresponding 
maximum limit, the computer automatically divides up a 
current activity in the mission into a truncated activity and 
a remainder activity betWeen Which a layover is inserted. 
HoWever, for certain other activities (such as a loading 
activity, a Waiting activity or an unloading activity), a 
layover activity is inserted into the mission Without dividing 
up the current activity, either before or after the current 
activity. 

[0046] One illustrative implementation of the above-de 
scribed embodiment shoWn in FIG. 2A unrolls the perfor 
mance of acts 202 and 205 into a separate individual version 
for each of (A) loading activity (B) driving activity and (C) 
Waiting activity that are individually examined in three 
respective operations, namely examine operation 230A that 
is customiZed for loading and unloading activities, examine 
operation 230B that is customiZed for driving activities, and 
examine operation 230C that is customiZed for Waiting 
activities, as illustrated in FIG. 2L and described next. The 
three operations 23 0A-230C are performed sequentially, one 
after another, at each stop in a given mission, starting With 
the very ?rst stop in the mission. Prior to performance of any 
of operations 230A-230C, the counters are initialiZed to Zero 
(i.e. Mileage Counter 32 0, Driving Hour Counter=0, and 
On-duty Hour Counter=0); thereafter, the computer get the 
alloWed unload/load start time at the ?rst stop, sets current 
stop=?rst stop; and lterate through each trip stop. In this 
illustrative implementation, a loading activity (as Well as an 
unloading activity) at a current stop in a proposed mission 
(Which is initially the very ?rst stop) is subjected to examine 
operation 230A, by performance of at least acts 231A, 232A, 
202A, 205A and 206A (FIG. 2L). 

[0047] Speci?cally, in act 231A, the computer fetches a 
duration of the loading/unloading activity, eg from a data 
base that holds details about the proposed mission. There 
after, in act 232A, the computer increments a counter that is 
affected by the loading/unloading activity (namely the on 
duty counter) by the amount of the duration (obtained in act 
231A). As noted in logic expressed in pseudo-code in 
paragraph [0043], all counters are initially set to Zero, prior 
to act 232A. Next, in act 202A, the computer checks if the 
on-duty counter exceeds the maximum limit for on-duty 
hours set by governmental rules, and if it does exceed then 
the computer goes to act 205A to insert a layover (in the 
above-described manner), Which causes the duration of 
activity queue to be longer than 24 hour moving time 
WindoW, and then performs act 206A to forWard shift (i.e. 
advance) the (24-hour) WindoW, and thereafter returns to act 
202A. Note that updating of counters, as Well as addition of 
the loading/unloading activity to the WindoW is not shoWn in 
FIG. 2L, in order to make the draWing easier to understand. 
HoWever, in this implementation counters are updated in 
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operation 230A and the activity is inserted after (or Without) 
layover insertion, as shoWn in the logic for performance of 
examine operation 230A, Which is expressed in pseudo 
code, as shoWn in Appendix B. Total unload/load hours are 
computed as Loading/unloading hours=volumes of ship 
ments to be loaded/unloaded at current facility divided by 
Loading/Unloading speed at this facility. Moreover, on-duty 
counter=the existing value of on-duty counter+duration of 
an activity being added to the queue if this activity is not a 
layover 
[0048] A driving activity at a current stop in the proposed 
mission is subjected to examine operation 230B, by perfor 
mance of acts 231B, 232B, 202B, 233, 205B and 206B. 
Speci?cally, in act 231B, the computer fetches a duration of 
the driving activity as Well as the driving distance from the 
current stop to the next stop in the proposed mission, e.g. 
retrieves these data from the database that holds details 
about the proposed mission. Thereafter, in act 232B, the 
computer increments the on-duty counter and the driving 
hours counter by the driving duration, and also increments 
the driving distance counter by the driving distance. Next, in 
act 202B, the computer checks if any of the three counters 
exceeds its corresponding maximum limit (as set by gov 
ernmental rules), and if more than one counter violates the 
limit then also identi?es Which limit is ?rst violated. If a 
counter does exceed its limit, then the computer goes to act 
233 to divide up the driving activity (as noted above in 
reference to FIG. 2A), folloWed by insertion of a layover in 
act 205B (also in the above-described manner), folloWed by 
performance of act 206B to forWard shift (i.e. advance) the 
WindoW. Logic for performance of examine operation 230B 
is expressed in pseudo-code in Appendix A. Note that the 
logic of inserting layovers as described herein guarantees 
that all three counters are not violated. So there is no need 
to update counters at the moment of truncate driving activity 
and adding layover. HoWever, after layover is added and 
time WindoW is shifted, the computer is programmed to 
update all three counters by using the same logic against the 
neWly removed activity. 

[0049] After performance of operation 230B, a Waiting 
activity at the next stop in the proposed mission is identi?ed, 
and subjected to examine operation 230C, by performance 
of acts 231 C, 232C, 202C, 234, 205C and 206C. Speci? 
cally, in act 231C, the computer computes the duration of 
Waiting, by subtracting the arrival time t1 at the next stop, 
eg the back end 212 of WindoW 210 (FIG. 2K) from a start 
time t2 that is permitted at the next stop, for the unloading 
activity. Thereafter, the computer increments the on-duty 
counter by the Waiting duration. Next, in act 202C, the 
computer checks if the on-duty counter Will exceed its 
corresponding maximum limit (as set by governmental 
rules) if the Waiting activity is added to the WindoW. If so, 
the computer goes to act 234 to restore the on-duty counter 
to its value before the Waiting activity (eg by decrementing 
it), folloWed by insertion of a layover in act 205C (also in the 
above-described manner), folloWed by performance of act 
206C to forWard shift (i.e. advance) the WindoW. Hence, the 
unloading activity Will need to be performed after the 
layover activity. Logic for performance of examine opera 
tion 230C is expressed in pseudo-code in Appendix C. 

[0050] In some embodiments, acts 113 and 114 to insert 
non-mandatory layovers are implemented by performing 
acts 301-304 illustrated in FIG. 3A. Speci?cally, in act 301, 



US 2006/0265264 Al 

the computer computes an estimated time to start unloading 
(including mandatory layovers) at the destination facility. 
Next, in act 302 the computer checks (as per act 302) if the 
estimated unload start time and unload duration (i.e. a 
speci?c period during Which unloading is to be performed) 
can be accommodated Within the destination facility’s nor 
mal business hours. In this act, the computer may make other 
checks, eg as to Whether the destination facility’s dock is 
scheduled to be busy during the estimated unloading period, 
and the delivery WindoW for the mission. 

[0051] If the result of act 302 is no, then the computer 
simply adds the unloading activity to the WindoW as per act 
304, and thereafter proceeds to act 130 (FIG. 1). Note that 
in case of multi-stop mission, instead of immediately going 
to act 130 as illustrated in FIG. 3A, another act 235 (FIG. 
2L) is performed folloWed by returning to acts 110 and 120, 
until all stops have been examined at Which stage control 
transfers to act 130. 

[0052] If the result of act 302 is no, the computer performs 
act 303. In act 303 the computer inserts a layover activity 
Which may or may not be chargeable (as determined by act 
310 in FIG. 3B). Speci?cally, in act 310, the computer 
checks if the estimated duration for unloading and/or load 
ing causes the time for completion of this activity to fall 
beyond the carrier’s close of business. If yes, then the 
computer deems the layover (inserted in act 303 in FIG. 3A) 
to be free, and thereafter proceeds to act 130 (FIG. 1) either 
directly (if there are no un-examined stops) or via act 235 (if 
there are additional stops to be examined as discussed in the 
previous paragraph). If the result in act 310 is no, then the 
computer deems the layover to be chargeable, and charge is 
determined (by performing act 120 in FIG. 1), as illustrated 
in acts 311-314 in FIG. 3B. 

[0053] Whenever reaching a trip stop, the computer com 
putes the alloWed unload/load start time (i.e. t2 as mentioned 
in pseudo-code in Appendix C) at this stop by checking the 
orders’ delivery/pickup time WindoW, hours of operations at 
this facility/stop, facility dock capacity, and facility-carrier 
standing appointment. Then, some Wait time or layover(s) 
may be arranged based on the logic mentioned in pseudo 
code in Appendix C. The computer is programmed to 
compute the alloWed unload/load start time at a trip stop as 
folloWs. The computer gets the intersected delivery/pickup 
time WindoW of all the orders at this stop, and then iterates 
on the folloWing for each time bucket Within the delivery/ 
pickup time WindoW: 

If (hours of operations at this facility is open AND 
this facility still has available dock AND 
it respects the facility-carrier standing appointment) 

Set this time bucket as Yes 
Else 

Set this time bucket as No 

Thereafter, the computer sets numOfBlocks=total unload/ 
load time divided by the predetermined length of time 
bucket, and then starting from the beginning of this delivery/ 
pickup time WindoW, searches for a continuous block of time 
buckets With value=Yes, and set the alloWed load/unload 
start time=the start time of the found continuous block 

[0054] Determining a charge for a non-mandatory layover 
activity as per act 120 is implemented by programming the 
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computer of some embodiments to perform acts 311-314 as 
illustrated in FIG. 3B. Speci?cally, in act 311, the computer 
checks if the estimated time of completion of the unloading 
activity falls after the carrier’s close of business on a Friday 
and before the opening of business on Monday (i.e. during 
the Weekend), and if not then goes to act 312. Note that 
performance of act 312 is typically required When, through 
no fault of the carrier, the destination facility is unable to 
perform the unloading activity. In act 312, the computer 
retrieves a charge due to a Weekday layover (eg from a 
database), and determines that this charge is to be incurred 
by the proposed mission, and adds this charge to an esti 
mated cost of the proposed mission. Next, in act 313, the 
computer checks if the Weekday layover is starting on a 
Friday, and if not then goes to act 130 (FIG. 1) either 
directly or via act 235 (as discussed above). 

[0055] In act 313 if the Weekday layover begins on a 
Friday, or in act 311 if the ansWer is yes, then act 314 is 
performed. In act 314, the computer retrieves a charge due 
to a Weekend layover (eg from a database), and determines 
that this charge is to be incurred by the proposed mission, 
and adds this charge to an estimated cost of the proposed 
mission. Note that in doing so, the computer is programmed 
to treat tWo midnights in the Weekend (i.e. Saturday and 
Sunday) as a single midnight for the purpose of computing 
the Weekend charge. Thereafter, the computer again goes to 
act 130 (FIG. 1) either directly or via act 235 (as discussed 
above). Appendix D beloW provides pseudo-code for acts at 
the level of detail shoWn in FIG. 3B. 

[0056] In an example shoWn in FIG. 4A, driving time 
from B to C is only 2 hours and the unloading and loading 
activity at C takes 1 hour. The carrier’s general business 
hours are 8:00 am. to 5:00 p.m., Monday to Friday. In this 
case, the estimated arrival time for a mission at Facility C is 
15:00 Monday and the unloading and loading activity lasts 
for 1 hour Which is 16:00 Monday. HoWever, the delivery 
time at facility C for this mission is only at 9:00 Tuesday. In 
this case, the computer, When appropriately programmed (as 
shoWn in FIG. 3B) determines that a Weekday layover 
charge applies. This is because the driver has suf?cient time 
to drive from facility B to facility C and perform unloading 
or loading activity at facility C on Monday by 16:00 hours, 
but has to Wait until Tuesday morning 9:00 am. In this 
example, act 312 is performed (FIG. 3B), and the Weekday 
layover charge of $275 (a predetermined amount) is added 
to the total cost of the proposed mission. 

[0057] If instead of scheduling the delivery at facility C on 
Tuesday at 9:00 a.m., the delivery time Was scheduled at 
facility C at 11:00 Wednesday, the computer is programmed 
to determine that the layover spans across tWo midnights, 
Monday and Tuesday, in acts 113-114 (FIG. 1), and there 
fore schedule the mission With tWo non-mandatory layovers 
at the end. The computer is further programmed (FIG. 3B), 
to compute total layover charges in this case to be 2*$275= 
$550. For the schedules of tWo layovers, please refer to 
pseudo-code in Appendix C. 

[0058] In some embodiments, Weekend layover charges 
are incurred if the estimated arrival time at a destination 
facility plus the unloading or loading time required at the 
facility falls after the carrier’s general business hours on 
Friday and before general business hours on Monday. The 
planned arrival time is during general business hours on 
















